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Ix 1745 m r a n  (I) dwcrihcd traumntio 8hock.M n state in which them 
.is arterial K ~ M I I I ,  capillary stagnotion and citeolatorg insll(iicicncy. 

I should like to start with these observations and present a simple 
concept which seems to nffer n workable nppronch to the better u&r- 
standing of the mcdmnism of shock. Next, I &onM like to demonrtrate 
n series of tests which hnvo proved of value not only in rapidly nyessbg 
chnnges in the periphernl circnlntory system but also, st times, rn pra 

treatment h o d  on this concept and dntn from S W C ~  cntw in which 
treatment was guided by these tests. 

In 1M Ctnstnv Rickcr (2) published in book form n series of studies 
relative to the effect of irritntive processes on the terminal arterial rg- 
m a t  This segment, consisting of a Sman artery, arteriole and capil- 
lary tree, he considered the functioning unit of the periphernl vasclllar 
system, and compared it to the axon, the W e  unit in the newow s p  
tan, or the nephron, the functioning unit m the urinary system. He 
stressed the segmental ~ t m o  of this terminal unit and pointed out the 
different effects on the arterioles, renules and capillaries, as result of 
different degrees of stimnlntion or imtntion. To me, it seems, there is 
no real difference hetween a stimulus and an irritant cscept.thnt the 
latter is n stimulus which acta too stronglF over a short period of time 
or when of moderate intensity is continued too long, thereby transcend- 
ing physiologid limits. 

Professor Horst Oertel(3) of Nfl1ll University, to whom I nm in- 
debted for this npproneh to the better ~ d ~ r ~ t ~ ~ ~ d h g  of n dimcnlt pmb 
lem, in carrying on and ~ p l i f $ ~ ~ g  the erperimental work related to 
Bicker's conCopt of " "on has demonstrated fire rnther distiocl 
phases in the changes which trike plnce in the periphernl d r  seg- 
ment under rarTing degrees of imtntion. They arc: 

1. IeaEyrr 
Under snclden but nnsustnined local irritntion, snch as that p d d  

by n shnrp crnck with n switch on the skin, strong ~ n s t r i c t i o n  is a p  
parent in each of the torminal segments. Blood fbw CBIUBI and the put 
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bcromea blanched Local injury of mpilkriar rill wt up not mlp a 
rpactive hpperemio d e n  the irritant is =vd, bot t h r ~ ~ # ~  relkr 
n r m  i m p h a  or chemhl changes thought to be of the “tripla re- 
q10Iw”Mtllre M deSCrihed b L W i S  (4), ildUlWUtory - sill b 
seen to follow in the mmunding tinsue. With an irritant of tbh Q ~ o  
there is little mtemie renetion for tha damage done is nmmlly slight. 
Snch slight injury doer not muse shock. 

2 Hmaxntu 
On the other hand, under mild hut prolonged irritation there mny be 

an ineipient and transitory v n s o c o n s ~ o n  of the whole segment, hnt 
the sustained response is that of genelPlited vndilntion in a rrrmmer 
quite .imilu to that observed following slight nutritive --&kiQ of 
a prt or of an orgnu. Such n stnte mny be seen following n d e r n t e  
degree of “aunhm.” Such n mild irritant, nethg for n longer period 
of time orer n much aider area, may hnre definite sptemio &e&. 
There is n definite tmusndate ns n I of the capillnry ectasy with 
upset in water and mined bnlnnce. Tho cardinal  symptom^ and SWHJ 
of intlrmnution nre present nnd may be esplnined hy the observuhle 
plrenomena in the peripherad rnncnlar tree. Yet h p w e  nn irritant of 
this type is mild, complete restitution to nuntomiad and f d m l  in- 
tegrity is the d Anding. 

3. PEUISTATIO PrrruU 

Under persistent, stronger irritation there is at h t  o trnnsitoq - inchemin, then a period of diminished cmstrietor irritability, the nrtd- 
o h  and cnpillnries an, dilated, transndntion takes plaee for a rhik hnt 
later endation is marked. The extruded fluid not only tends to di- 
minish effective e i d n t o r y  rolume by virtue of lost flnidr but nlso up- 
Rets osmotic p S h  

Tbe condition of the periphernl +nr nuit seen in this peristatk 
phnse of localized inflnmmation is oherved over n wide nrea only when 
tliere is excessive centml stimulation with resultant inbibition of the 
vnsoeoustrictire center. hl tz  (51, ns early as 1863, suggested that any 
excessive psychic stimuIi mch ns fright, sotuntic stimuli meh IU Pam, or 
exeessire stimnlntion nlongptrerent ne- S U ~ I  IIS c a d b p  n blow to 
enrotid sinus or celinc’plesns, may muse inbibition of the vasomotor 
muter and consequent generalized mdiintion, pooling of blood in the 
periphery and fall of blaod pressure. !Phis is the stnte of a patient fn 
rocnlled primary shock. This is not the subject under cliucndon at tbe 
moment, but it is of groat intereat to musthetbta for thir is exactly the 
state of n f f h  fond following spinnl anesthesia. Anesthetists luve 
lcnrnd to prevent the onset of this of E&& incident to spinal IIU~II- 
. thesia hy preoperative thernpy designed to countereat tha vndilatatim 
without aiTeeting the anesthesia. G d  (6)  long ago showed that ani- 
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mnls might ean-ire with very low pressnrei~ fob- spinal sedion, 
wherens animab with much higher prerurvar went rapidly down hill 
when they were in secondary or snrgicd shock. In % inll.nmutory 
process the poristatic pbase is n brief one. So is prrnrary ohoct a 
trnnsitory stnte, for the patient either recovern with rutomtion of 
vasomotor tone or the condition panses into a stab of true .surgical shock. 

4. PIlUjTATrOP~ 

Under stronger irritntion, be it in the form of tranmn, bncterinl 
tosins, heat, cold, electricity, nerve impnlses, or hormones, there b a 
tendency for the wbok segment agnin to be condri&d, but soon &a 
capillaries begin to tire and dilnte while the arterioles and vedes, being 
more henvily numeled and not so rendily fatigned, remain nomewhat 
constricted. Cirenhtion is slowed, blood begins to pool at the pe- 
rib, qnnosis n p p r s ,  hcmoeoneentration begins,.arrd circulatory 
rolume bcgins to decraacia 

This is the s t a p  observed in the early stages of surgical shack. Thii 
b the phnse which must be recognized and mnst be t r e n t d  The blood 
pressnre map remain surprisingly n o d  for n long ~ r i o d  after these 
chnnges hare began. All of the compensatory nwchums are bronght 
into play. 

If the irritnnt is era stronger nnd more persistent, tke arterioles nre 
seen to c o ~ t r i ~ t  eren more tightly, blood flow is more markedly de- 
creased, white cell dinpedesb begins early, and grndunlly there is com- 
plete paralynis of the capillary bed, with loss of red cells into the inter- 
stitial tissue, h t  is, n hemorrhagic midate. This is the pieture ~ e e n  m 
revere infections, in serere nnoxin such ns may m r  in nn obstructed. 
loop of the bowel, or in profound shock. 

The blood becomes more riseid with loss of fluid, the rate of flow is 
diminiiod, the polfa beeomes more rapid with incomplete 5lling of the 
hart, the venous prcssnre dieappears nnd the s i p  of tissue a n d  
bcgh to appenr. It is this fourth or prestatio p h  with which we am 
amcemed when considering surgical shock. I t  is imperntit-c that this 
state of the peripherad rascnhr system be nscertnined before c o h p  4 
complota This nrteriohr rnsaconstriction mnst be released, capillary 
tone mnst be-mstored, and fluids must be retuned to eirculntion befora 
the chnnges beeome imvorsibla 

5. SvnOPHuar 
F i ~ l l y  with cstrcme or markedly prolonged irritation both the nr- 

terioloe and venules as we11 as the capillaries wil l  ba lleen to be widely 
dilnted, with cessation of peripheral blood m0r-t and ewntion of 
all cxuclotion.  terminally smnll arteries will stii be seen to be ai- 
pable of responding curd the resulting spnsm mny result in almost m ~ -  
plete odnsion of the lnmen. Here the precipitant drop in blood p m  
sure is seen; nnosh resulting from the inadequate blood supply es- 



pressee itaelf in the skin by cold, dndrp cyan& in the longs by rapid 
and shallow re@rath, in tbe mnaeks by great n a k n e ~ ,  in t h e w  
banuria and in the bdlding of waste prodaetn of metabolism in the 
b I d  atrenm, in the brain by apathy or coma nnd, fiaaltr, death ensue8 
as all tissue respiration MS. 

I ahnll malt0 no attempt to settle the question of the etiology and 
mechanism of shock We h o w  that the qcle of cpents ie a viciom one 
and at premnt there in no de6nite proof that it har its beginning in every 
rase at the snme spot in the cycle. PradiEally all authoritien are con- 
cinced of the faat that in se~ere shoek there is dmys present n reduced 
bImd volume, r e d d  vmoud return to the heart with consequent di- 
siuirked cardiac output, psrip?terd arteriolar and cenukrr tmocoa~trie- 
lion, cup8Zarg atony M a d t  of either trauma or tori0 mbst~~~~cea with 
consequent dccreoscd capillaty blood $ow, Lemaooffccntmtinr, and t ime  
ar&. These chnnges beeonie irreversible probably became of either 
irrcpnrnblc damn@ to capillaries, great changes in the pbysidemicnl 
composition of the Rnida bnthing the eelb or fnilnre of the eompensnting 
mcchnnism to maintain snffEciant blood preasnre to sustain Eircnlation in 
the face of pcriphcrnl collapse. 

There hare been mnny theories concorning shock, among them the 
theory that shock is doe to ezhnustion of nerre centers; that a toxin is 
ret free from injured tissues and &orbed by the Mood where it c a w  
dnmnge to the capillaries; thnt there ia an e s d v e  nmonnt of CO, in 
the blood utrenm; that there is n loen1 L OM of h i d  in the injured areas in 
trnnmntic shock sn6icient to account for the fall in circulatory volwnc; 
that severe sympnthetie stimulation cither by physical or chemical meam 
is saflicient to bring on the chnnges described aboro. For a fnll discus- 
sion of these matters I refer yon to more complete monographs [Scud- 
dcr (7), Moon (8). Harkins (9), nncl Cannon (10)). I do not presume 
to give the mmplcte answer to this question, but I do believe that w am 
unclcrstand the problem better in tho light of the &an- which take 
plnce in the peripbcral \-nsculnr segmcnt and treat it more effectively 
d t h  the aid of fonr simple teeta. 

I nm indebted for much of w h t  is to follow to John Scndder, with 
whom I hnd the privilege to be asllociated while oafiying on cIini- 
a11 nnd experimental obsarrntione relnted to E&& 

Tbesa fonr testa are: (1) determination of the perceu~taga of cella in 
venous blood by means of a hetontomit; (2) detenninntion of the ape- 
cik gro\ity of the whole blood; (3) doterminstion of the specitb graviQ 
of the p h ~ ,  and (4) denlation of the content of plnsmic protein by 
mmns of a simplo form& 

The merit of them combined tests lien in the speed with which they 
can be done, the accyaq with which r8anlts can be reprodwad, the 
small amoIlllt of equpmemt necessary, and the eane with whieh the 
technic may be nubred. The danger liea in attempting to interpret 
these findinp without a clear ctinicol pictnre of the patient 
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TEIhumUcm 
In 1885, Pmfclrror Blir presented at Upah the h t  “haematokrit.” 

It wna modehi nfter tho ‘Llnktolnlt~’ nsed in the dairy industry. Em- 
ploying this method, Hedin (11), in 189& roportd an average cell -1- 
m e  for adult nudes to bc 48.0 per cent, and for adult farrmlss, 438 per 
cent. In the nest ten yenrs them were many modi8oations. Cappa 
(12). in 1W, introduced this work to America. 

Hadon (13), in 1923, populnrized the lag0 hembtocrit tnbe in aontra- 
dirtinetion to the cllpillary typo and stressed the importance of using 
isotanie solutions of the \-nriona a n t i d t s .  !Che pnhlication of 
Haden (14)’ in 1930, is T C ~  complete nnd for further de- this article 
iireeommended 

In lm, Sanford and Mngnth (15) modi6cd the Hnden lwmatoccit. 
It is this tube which we prefer berm it a n  be spun in any mtine 
Inborntop centrifuge, can be cleaned easily, nnd, being made of heavy 
g h ,  its durability is duumd. 

Adicoagu&nt.-Heparin is the anticoagulant reeommeDded for 
hcmnhrit determinations. It is nn active frnction of the naturnUy 
d g  mticonguht which ma first isolated in Howell’s laborntory 

t 

CnrnL EqQwdwd opa..tObt,“Qsltrdkd Pbid Tbaapp  bylkew, 
8eEadrr. ud hr*.. My, m a .  

by ACcLenn (16) in 191G. me heparin now emplopd k the sodium salt 
QI prepnred in the Connaught Lnborntoriea in Tomto UnivarsibJ,. 
Canada One milligntm of the poadar is s w a t  rurticolgol.nt for 
the Mood in a Sdord-Nagath hermrfDcrit tube. (See Jyrt L) 

Normal VaZttes.-!L’be n o d  d u e s  for mn volume for th male 
range between 42 nnd 50 per cent, tho average being apprmrimcltely 46; 
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those for n female hnre n rnnge of 39 to 43 per cent, with on average of 
4l. 

8PBOlFlO ffBAlTfY O? BLoor, ASD PLblUu 
The enrliest inrmtigator of blood rpcciac graritp WM Rob& Boyle 

(17) who, in 1684, showed thnt both serum and whole blood were heavier 
tban water. Jlvin (la), in Ul9, measared their weights mom 11~oll- 
mtely nnd reported the specitio gravity of the blood M 1.053 aad that of 
the serum M 1030. Si John Dnvy (U), in 1839, determined b p y b  
nometry the .peeitio gravity of the whole blood and quoted freely from 
the earlier aork of John Hunter (20), who showed that Speeiac gravity 
m a  high in the morning, high in intlnmmntion, nnd high in dehydration. 

Boy (al), in 1884, reported n simplitiea method of weighhg blood. 
E. Lloyd Jones (22, E?), in 1887, and larer in l89& used thir method and 
published observations which nre still of oubtandhg d u e  for deter- 
minations of speCi8c -vi@ m both b d t h  and diseaw. 

Sherrington and Copeman (24) observed that a fnU in blood pressnre 
during a long experiment or operation FPI~ nccompanied by a fall in .pe- 
eiBe grnvity of  OM blood; homorrhnp WM foUowed by a mpid fall, 
while %TmcOmh 'don M seen in shock mused an early rise in the sps- 
ciAc grnrity of peripheral h l d  %gars (25) showed the d u e  of these 
tests in trenting the severe dehydrntion of cholera. 

In 1924, Bnrbour pnd € i d t o n  (213,27) pregentcrl a means for de- 
t e d i g  the speci50 grnvie of body floids which eliminated many & 
ndrnntages of the older methds. The principle hased on Stokes' law 
tokes ndvantnge of the fnct thnt the time requid for n drop of known 
roliune to fall n &ed distance through on immisciie h i d  is governed by 
the density of the drop and other fnctors, such M temperature, which 
mu be Eontrolled easily. It hm been 8bown that differenam of 0.2 of 1 
per cent in weight are demonstrable, and that Specitic grn~ t i e s  may be 
reproduced with an aecllracy of 0.m. 

Guthrie (a), in 1932, reported that, when wmpued with other meth- 
ods for o d ~ t i ~ n  of blood conditions, it stood hst from every stand- 
pint 

N O W  Volueo for SpccilFc GmVity.-In the mnle the orerage d m  
of peripheral blood in 1.0368 and in the female 1.0533. A swing of 0.0033 
occurs dnily; the blood is more Eoncentmted in the monhg. (See 
ehnrt 1.) 

PnoIErxs 
In 19!27, AMley and Benediet (S), nfter a careful study of the elab 

trulytic distribution m n cnse of severe intestinn1 obstruction, mgg&ed 
t h t  n simple determinntion of the serum protein might ba the best aid 
in following the aegreS of dehydrntion and trenhmt. 

In 1929, Moore .Od Van Syke (m) showed that them ia n constant. 
relationship between the spec& graviw of the serum or p h  and 
the content of protein. For plnsma they expressed thir relationship by 
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the formula: P-343 (GUOCnO),  in which P equals the grama of pro- 
tein per 100 Ellbio cantimetem of plnsma and G equals tbe ope&& grnvity 
of theplesma. This a0rlrw.m done onhuman pksma and themnximwn 
deviation wm found to be 0.6 gram per cent 

Wee&, Reeves, and Q o e W  (a), in 1936, cbe.cked the work of 
Moore and Van Sly& In their *dies specific gravitSes were deter- 
mined by pykonometry and nitrogen determinations by the micro- 
Kjelddd metbod. Their form& for plawyr was given ns P-3401 
(G'-1.00687) -C U03. It is this formtllrr which we have rued routinely. 

The essrmee of the relationship is tbnt plfmn& completely free of 
protein, bas a gravity of about 1.00687. Only rather hrge 
changes in the salt content of the blood upset this eonstank The factor 
of 840.1 indieatea that for ea& inerenee of 1 grnm per cent of protein the 
speei6o gravity rises 1/340 or 0.m; in other words, each increase in 
the sp&& gravity of 0.tMOl indicates 0.03 gram per cent increase in 
protein. 
By this method the total protein content vnlues ore open to ques- 

tion in several -8 of ~1188. that have eome to light so far. They are: 
~ C O M  bemolysie, severe diabetes, hypercbobterolemia, gross lipanin, 
and excessive biilirnlinemia, but for routine, repeated studies of pro- 
teins we know of no metbod quite so simple, and in emergencies none 
quite so rnpid. 

Ism-x OF VALUES m CLmCu, Csm 
A fairly definite idea of the history nnd eliniclll pietnre of the pntient 

should dwnp be sought before n 5nnl ewdnation is made from the data 
giren by the preceding tests. Most important is the trend toward or 
away from n o d  as jndgcd by repented tests, and not the results et a 
single set of determinntions. Certain .yell defined patterns have re- 
c u d  many times in f01lo~hg n lnrge ~ e r i e ~ ~  of cases, and these have 
proved of grent aid in tho interprctntion of the vdnes in amy spedsc 
CMe. (seechart2) 

cuXXc.4L CnSElr 

Let US consider tbe findings in n few mid enses of shoclr, attempt 
to interpret tbem, nnd observe the trentment dictated by the 5ndings. 

Swxaumx SdDeniplUROx 
Cases of intestinal obstruction invnriably enter the hospital with n 

bbtory of vomiting and some evidence of dehydrntion. S o w  may show 
clinical signa of sh& 

Case 1.-As 811 example T. K., n femnle nged rS, P. 3. No. !23546i, 
wna admitted on February 9,1939, at 9 pan. with symptoms and s i p  of 
'htestinnl obstruction ns the result of postoperatire ndhedom. Table 1 
gives the results of the suggested teats. 
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When these findiags on admission are eompared with the average 
iinrmal dues for women, the hematocrit suggests hemoconcentration of 
approsimatelyMpercentgreatertbannormaL Tbeprotehflgnresare 
nppmdmaely 15 per cent higher than the accepted normal *re, 7.0 
am. per cent. b this case m e  may f d  justified in rursoming that thin 
Ilufient, rho had been ill for some time did not have II n o d  plasma 
protein when her vomiting attach begnn M that the 15 per cent is nn- 
dnnbtedly on the l o r  side. Tbir degree of dehydration am not be 
elnssed as severe hut it is the type of warning which when heeded pre- 
vents ColIaprJe later. The beeond terb on 2-10-39 we interpret to meem: 
(1) that there was no danger of rboelt since hemoconcentratirn had been 
rcdnced easily; (2) that peripheral vascular tone was good mnce a 
simple salina gllrcosa eolntion had sulhd to relieve dehydration; (3) 
thnt since the hematocrit d u e  had reached normal levels while the pro- 
tein level had fallen to 632 Om. per eent. the patient mast be mffering 
from a relative acgreC of hspopmtcinemia, which P o d d  hare been 
suspected fmm the clinical history. 

"lie figures on 2-11-39 are of no value dnee the blood sample wis 
token at  the end of an infusion of S , W  cc. of saline. 

The figures on 2-14-39 show d u e s  kept at close to normal in spite 
of eontinuow suction by Wanpnsteen method. 

Preoperative values were eonddercd almost i d d  Xo attempt luu 
Ira  made here to outline the other laboratory procedures or eomplete 
details of work up. At operation fibrous bnnds causing partial obstruc- 
tion were incised 

intartinnl 
ahtruetion of D more senre type. 

Two 5ndings are of great s i g d k m e  hem Fht, in spite of the 
fact tbat the hematocrit &owed only 53 per cent c?lls, eqnilrlent to a 
5,604000 red blood count, the proteins indicate an bcrease in concentra- 
tiun of the fitlid portion of the bloocl of 50 per cent. This is fast ap- 

Let us consider the 5ncIings in another case of meclumd * 

COSC g.-L P., male, P. E NO. 4lBl65. (8ea table 2) 
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IOEALlZED HEMATOCRIT-PRQTEIN PATTERNS 
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It has boen suggested that there are in truth OI@V tvo tpen of h k ,  
one in which tbe changes are reversible and tbe other n~ which tht 
changes are not. 

Cam &-Aa an illnstration of the second type, let me show yon the 
iindinga in the case of B. D, a woman nine T t h s  pragnrmtt, &. 24, 
who was admitted to the hospital on 10-1-38 mth symptoms and signs 
interpreted M evidence of a severe toxemia of pnbnancy rrqairIng im- 
d o t e  emptying of the uterus. contrary to expectationr &e improw- 
ment was not marked following deliveq. The patient continued to a n -  
plain of severe abdominal pain d t e d  with nansea and d t i n g ,  
moderately high fever, llcanty urine, but with Mood pressnrei~ repeatedly 
within n o d  range. Blood stndiea on this patient at 4 a.m. on the 
day following delivery showed: hcmatoOrit-711 per cent cells; sp. gr. 
plasma--1.0; plaemn proteins-9.lS Om. per cont. !Riene %res 
were so startlingly high for a recanfly pregnant woman thnt a eheck wan 
made immcditel~ by determining tbe specific gravity of tbe peripheral 
whole blood taken from tho tip of tbe finger and tbe renous blood’takcn 
from the rem in the anticubital fossa. Tbe r m l t s  were 08 follows: ape- 
eifff grarity of finger-tip blood-1.0677; &tic gmrity of venom blood 
-1.OG57. This tinding alone is indicative of a serere degree of periph- 
eral stasis, for as Cannon (10) pointed out following his stndiee in the 
last World War, in serey shock the red cell count of blood taken from 
the h e r - t i p  might show several million more cells per cubic millimeter 
than a sample of blood taken from the same patient at  the same time bnt 
from one of the larger T&S, So a difference in apeeifie gravity of whole 
blood from the periphery and that taken from larger VC~M is an ill omen 
of very serions portent. 

This patient’s blood pressure at  t b i  time was laO/SO and there were 
no clinical signs of shock, yet each of these blood 5dings is pathogno- 
monic of a smre degree of disproportion bebeen the peripheral WIICII- 
1ar bed and the circulatory volume. 

Tho clinicians in charge of this case were adriscd that in the eom- 
bid experience of Dr. &udder and myself we had never reen a patient 
uith a bematomit showing over 67 per cent cells who had failed to go 
into shock or one who had erer recovered, regardless of the trcatmcnt 
instituted or the came of the shock. 
One liter of saline was started 08 soon as blood had been drawn for 

testing, at 4 a.m. In spite of it  the blood prorumre at 5 a.m. w$s 0.d 
At this time the hmrtonic d i e  and “cschatin” had been obhbed .nd 
u-as started. By 6 am. the blood pressure had returned to 
matelp laO/Rl and the blood studica s h o d  the following: hematocrit- 
62.5 p r  cent cells; sp. gr. whole blood-l.0627; 9 gr. m-l.0275; 
plalimu protein-7.01 Gm. per cent These ibxlmgn s u g p t d  that CI- 
ploration might be attempted since it was unlikely that the patient Wonld 
further improro. F i e  feet of completely gangrenoas gat were found. 
Another series of blood studies um done in the operating room. 
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were as follows: h e m a t o c r i M  per cent cells; sp. gr. whole Moo& 
1.0137; gr. plasma+.OZ67; phma protein-tX78 Qm per eont. 
The Important Mng, bonaer, wna that the qmeilic gr~vity of tbe 

renoun whole blood had returned to l.0677, a ilgnre e q d  to the rpacitio 
,mvity of the peripheral whole blood at 4 am. Thir idbated bere, as 
it has indicated in all of our experiences, a rapidly -thg pe- 
ripheral vascuhu traa A rapid doublehrdd fleortwrp wan done. 
TIK patient died soon afterwards. Thir cam never gave the clinical pic- 
tnre of impcndins: callapse that these shdiea e h r e d  an hour Wore 
blood pre8sure fell to zero. Had they bqn done two or parhap four 
howre earlier the changes may well have heen picked up in the. 

Case 4.-The most striking respom to therapy mggehd in this 
clisenssion was that of B. L., female, aged 35, who went mta pmfomd 
shock on the operating table during a craniotomy for tha r emod  of 
ndhesionr which were thought to be the cause of apihptiiorm h m s .  
h spite of the use of 4OOO cc. of 5 or 10 per cent ghmm in saline and 
1800 cc of whole blood over a period of twenty hours postoperatively, 
tbeblood prewnre had not reached a level of Bo mm. systolic pmmue. 
hnty-three honre after operation her 5ret blood study showed the fol- 
kiwing: hematocrit44.l per cent cells; sp. gr. plasma-1.02248; plrurma 
lirutein-6.09. 
No p u b  wan pereeptible. No blood p r e ~ ~ ~ r e  M been obtaiuable 

for a period of over one-half hour. h a s o  of the tremeudool amounts 
of fluids which had been given the blood studies were of little value ex- 
cept to show that the profound shock was not due to hemorrhage alone 
iior YPOB it due to nu inwmcient amount of p h m ~  protein to maintain 
circulation. Vitb a large syringe, 300 cc. of 5 per cent sodium chloride 
plna 20 cc. of “esehatin” immediately followed by 300 cc. of blood were 
siren, and within fifteen minutes blood pressure had risen to M/60 and 
was sustained at this level or better until the time of her discharge about 
one month later without further therapy ercapt for a 500 cc. transfusion 
on each of fonr eonsecntive days postoperatively. !I!hb is the most M- 
l lsd n?sponsemhave -but in all of the eases treated to datepwith 
the exception of 2 with severe advanced generalired peritonitis, there 
bas been an increase in the blood pressure and improvement in the clini- 
cal pictllra 

In some of these eases, as in the one described above, the picture of 
 lid again returned and the patients died. In these, uodollbtedly, 
changes had reachad an irrerersiile stage. 

TREATXEST OF SaOCK FUOX 

We feel that there are three basic functional d e r a u g ~ ~ ~ ~ ~ t r  in the 
region of the peripheral vascular aegmenta T l m ~  am u follow: 
(1) arteriolar andvennlar co~triction; (2) eapillary.par~~Iysb; (3) lorr 
uf &id into the interstitial tissue. 

Four things, therefore, have to be done, namely: (1) release arteno- 
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lar constriction; (2) restore capiIlary tone; (3) return lost fluid to vascu- 
la? bed; (4) maintnin restored Ciretllat0l-y volme. 

Tlie question is ~tnrnl ly  raised, “how can tbese four correetire 
m o o s u ~  he carried out best?” ExpoMloatal evidence is not available 
to show speeXenlly that any substanec am directly relieve the arteriolar 
spasm. It is horn, homer ,  that the severe shock lean following 
burns, intestind obstroction, tmnma, marked dehydration, and cortical 
insnBeiency is always characterized by a loss in the plaoma content of 
d u m  in spite of the hemoeoneentration (7). Chically it is an ac- 
cepted fact that in mild of shock the exhihition of phpiologic 
soline will meoessfnlly testore circulatory volume. It seems l o g i d  to 
suggest, therefore, that the first step in the correction of the above 
named defects should be the introduction of fluid in the form of normal 
saline. If, however, the capillary bed is atonic and amnot maintain 
this fluid it neema inadvhblc to continue to give large quantities in an 
isotonic form. It is for this reason that we suggest the introduction of 
smaU quantities of hypertonic solutione of sodium chloride. Theoreti- 
cally it should lh-e three effects: (1) the direct action of the d u m  in 
restoring electrolyte bnlmce; (2) the direet effect of the chloride ion in 
restoring acid-he equilibrium; (3) the direct effect of its hypertonicity 
in bringing back into firenlntion fluids which have already escaped into 
the interstitial tissues. 

There is one obrioacl danger in introducing any hypertonic fluid into 
a severely dehydrated patient. This is the danger of drawing into dr- 
colation Bnid frum the ecb which is rich in both potassium and mag- 
nesium ions, eaeh of which is extremely toxic whcn brought into the cir- 
cnlation in qnantities greater than those normnlly present in the p a  

In correcting tho second defect, that of capillary atony, experimental 
and clinical evidence regarding a substance which am restore tone is 
even more menger. Best and Solnndt (43) have sngsestod p i t m h  
We feel that the work of Swingle and his ne&te~ (32), Bogoff nnd 
S t e d  (33), Zwemer and &udder (34) is adequate at least to poshhtc 
that an extract of the snprarenal cortex not only plays a part in the re- 
distribution of electrolytes but that it m y  have a direct action on the 
capillaries and plays some role in the mintenanee of Mi n o d  tone. 
The clinicnl reports following the use of snpmrenal cortical extractr 
have not boen uniformly encouraging. We fad that the results have not 
been ne good ne they might have been beeawe the substance bos not been 
used in snfiioient quantity. We have never seen my clinical rasoltr 
when 2-5 cc. of eoprnreua1 cortical extracts have been used, but ham 
had excellent clinical d t s  with an initial dose of 10 or !ZO ec. m p t d  
at 5fteen minute or omhalf hour intervals until a snbatantial rise 
blood pressure was obtained. We have seen no deleterious reaubi in 
theso cases which could be directly attributed to the use of “eschath” 
(Parkd)avis) in quantities up to 150 ec. within the per id  of a fen 
hours in severely shocked individuals. 
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Tbe third defect mentioned, the losr of cimhtorp volume, u geneti- 
d y  related to, and a d t  of, the fint two. Ita comction depends 
on an adequate supply of 8nid in a vascdnr bed which can keep it in 
eimhtion. Even hypertonic flnids wil l  not remainin drealatian w h  
the capillary bed L paralyzed. 

The four& step in the treatment c o d  of introducing into the 
blood Stream lome substanea with s m t  omnotia pmer to prevent 
hrther leakbag. The ideal substance for tbk pnrpose ir blood Plasma 
iR equally efiieaciom. Xany other s u b  bave Imn advocated for 
the treatment of shock. Bather than dimer them I would rather can- 
time dong thiE single track at present. 

SHOCR I?o HEmoRuEAaE 
The shack of hemorrhage is n more readily understnnclable procem 

than the shock in which the cirealatory h i d  seems to become "lost" in 
unseen plneer. These four teas provide a rapid method of T i  
ing this type of Pock from those we have just described. 

C ~ M  5.411 a typical case, patient 0. If., female, aged ZS, was ad- 
mitted with the diagnd of an mlte akloman. The aiagnorb offered 
ame difsedty bnt the blood studies threw immediate light on the pmb- 
lem and added the hd evidence to mtah a dingnods of rnptcrred 
ectopic pregnancy. The blood studies in tnble 3 showed the following 
chnnges during her s t a ~  in the hospital: 

TABLE 3 

5er strikingly constant Snding, 
e plrurma proteins appear to be 
nvenowinrmrrccords9uuw 
Lies such as these, and in each 

mnintainedinmtellmnorrhage. WI 

me, while them waa a @MI i tbe Imraatoerit vdue, there luu 
been relntively little f d  in the protein. The axplanation for this 31 not 
clear, but we have learned to consider a falling hematocrit with a rela- 
tively constant level of proteh 

hl Which bleediDgW85 f0- by I 

indicative of acnte hemorrhage. 
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fmiom continued until the red cell count approaches n o d  levels. h 
thb particular case tha patient recoked 500 ec of blood before opem- 
tion, 200 cc during operation, nnd 500 cc. on each of threa consecutive 
postopemtive dnp. 

When trauma is complicnted b hemorrhage the hematocrit protein- 
pattcm ow h s  diagnostic, hut the principles outlined for treatment 
are sound, and the results arc good. The base line d u m  often cannot 
be accurately interpreted, but the course of the patient can be more ac- 
clrrntcly followed thnn by any other method uc hare seen. 

SRWK n BUBYS 
. One of the most frequent causes of sowre shock is that of shock BC 

eociated with burns. The foilowing table includes atndiee mode on case 
6, C. P., mal% aged 45, P. FL No. 519132. This car  has been reported in 
some dotnil hy &udder in hin book on “Shoelcyy I present it to point 
out two things. One, bemoconeautmtion, which b well known and mU 
reC0gnir;od; the other, hypoproteinemia, which is still too little thought 
of when the treatment of bum h considered. Table 4 @rer the studies 
for the first thrce L y s  on the blood of a sererelp burned mnn and 
seme to point out t h a  tu-0 points: 

TABLE 4 

6-747 

e 

0 

9s p.m. 68.7 !mu 6.a 
115OpsL 62.7 1.0246 (uo 

f311i &m. saa 1-16 4 s  
19.25 pm MB lmla COB 

6SO Lm. 52.2 1- 6 2  
1m p.m. 616 lmz, kt 
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heteria than the soggy, edematons, badly hjmd tirme beneath a prn- 
tcin eoagplam created by tannic acid, silver nitrate or some other co- 
agulating mbstances. In the treatment of bmm, therefore, especially 
in the treatment of hock, which is so &minantly a featne r00n after the 
accident, it ir not only neccmuy to prevent pain, prevent heat Ions, in- 
sure adequate oxygen, and prerent fnrther low of finida and proteins, 
but it h imperative that the p r o t a h  already lost be mtored. The 
ideal S U ~ S ~ U I C ~  for this pnrpolle is pksma or aernrn oither in liquid form 
or by meam of solntiona of dried formu. It not only will decrerue 
licmoconcentration ~ ~ i t ~ r i ~ ~ g  anid but a t  &e same time will sustain 
the protein level nnd circaktory rolnme. Several formdm (89, 40. 
+I) have been wrked out in an effort to dehe the amounts of plasma 
neecled in any sped& case. The only difsenlty aith formdm in that 
they work so well on normal adnltr with perfectly intact peripheral 
v a m h r  system and work so poorly on very ill i nd iv ihb  in whom the 
cironlntory volnme, the vascular bed capacity, and the concentration of 
the blood elements become almost a function of the st& of the terminal 
nscnlar segments; that is, they home a f d o n  of a very decidedly 
uiilrootrn quantity. For instance, in a seriea of Uperimentr d e d  ont 
on nnwilling colleagnea and patients who -re not too iU, it appeared 
tLnt finid balance in a dehydrated patient might be accurately xwstnb- 
linhed by giving 50 ce of normal saline intravenmly for every 0.a 
grnm of p h  protein above the arbitrarily n o d  ralnc of 7 grama 
per ccnt. An an example, a pntient who has been vomiting nntil the 
plasma proteins register 7.5 grams per cent COIL be rertorecl to normal 
vcq- easily by &hg him 2,XNl cc. of n o d  dine. The only diilicnlty 
is tbat a patient in profound shock may be given 2,5W ca of normal 
snline and blood  tod die^ at the cnd of the infllaion may ahow v d w  
higher tban at the b g h i ~ g .  This point, too, bacl not baen S ~ I W B ~ ~  
onongh. It is aa nseless to continue to ponr flnida into a vaanlar s p  
tam which cannot hold them M it is to feed aubohydratea to a mere 
dinbetia unless each of these proeednrea ia controlled b some matbod of 
checking the ability of thc indir idd to bandla these 80 it 
is with plasma We haw found that the average individual of abont Bo 
kilograms of body weight ai11 require approximntely 1 liter of pkaaa 
to raise the plnsmn proteii lerels 1 gram per cent. Thir ia a rcry 
rongh bot a very nsefnl one. In severe shock, in severe infee- 
tions, and-in marked hypoproteinemia, the qnnntitks given mnst be con- 
sidernMy mcnxsed and one mast never lllumma &at the injected mate- 
rid bar nmained in cirdation nnless tho d u m  M aetndly cheeked. 
Treatment, therefore, ia pimilrv to that deadbed nnhr dehydration, 
ereept that fillids should be giron much more amfully and whole blood 
is lesu ideal than plnsma. 

SHOOK IS P- 
There ia a great similarity between the shock of a m r e  barn and 

tho hock in -re peritonitis. The area of sLin ia just about e q d  to 
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the nren of the peritoncum in any given individual. Just as the aren of 
the ekin involved in n bnrn is a red factor in the eventual ontan~~, no 
the nrea of the peritoneum involred is a real fador. When tbe skin is 
i r r i t a t e a b y s p ~  agent mldl M hoat there is capillaly edary and 
loss of protein-rich fluid b the exterior. Whon the peritmenm im irri- 
tated by bncterinl toxins them in also a grcat log of protein-rieb hii 
na well as the loss of power of absorption. The end mmlt in each ears 
Q the name. There is mnrked hemoconcentration, dehydration and 
hypoproteinemia. En& of thew we h o w  may play some part in the 
production of shock As a trpienl illustration, case No. 7, E. D., fe- 
malo, age 64, P. H. No. 581163, h presented. 

This ptient was admitted with n dingnosis of carcinoma of the 
stomach which means that she, h i  all of the other patientr suffering 
from n similar mnlndy, m s  anemic and relatively hypoproteinemia 011 
admission. W e  bnvc no preoperative blood studies, but following 
gnstrcctomy thore vas some lcaltage in the region of the &mdennm, 
peritonitis nnd subsequent duodenal Wnln. Table 5 presentm graphi- 
d y  the chomp in her blood picture brought about by the we of blood 
tmdusion, plasmn, protein hydrolysates, and intensive vitamin and 
snlfnnilnmide therapy, in an nttcmpt to control tho irritnnt, restore Bnid 
bnlnncc, remow the edemn, and return the gnstrointcstinal tract to n6r- 
mnl nctivity. 

TABLE I 

Here one notices the sume hernoeoncentration, though not M marlred 
ns in the case of the burn because tho initinl red cell count undoubtedly 
am much lower than thnt of the hdthy mole who m a  burned. On the 
other bnnd, the ebnnge in percentage b prohbly grenter. “he protein 
level is dc5nitely below the edcmn lmd and this booomss n doubly h- 
portnnt fador in the surgery of the gnstrointoetinnl tract Soggp 
wonnds will not h d ;  sutures, if of silk, pull out of the mter-logged 
tissues, and if of eatgut, the tensile strength is dimhished to the point 
a-here rupture is more likely. Peristalsis is slow or disappears entirely 
leaving n pnmlytie ileus with its attendnnt tmin of complications an the 
result of thc mehnieal effects of distention. M y  careful and mi- 
pented checks M n gnide to thcrapr cnn snlvnge somo of tbesm diffimlt 
CllfCE. 
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RLOOO h x u ~  ss HEAD IXJWMISS, Cnm SUIIOEUY AXD kasrmmr~ 
Attempts MI far tu eorrehte the rolrults of hemntcmit-pmtein pat- 

term in casm of sevem head injnriea and in midor e- nnrgcry have 
not been very succesllfd The effeet of raised intmcmwl pressun! on 
the peripheral vascular tree in our experience har been a very variable 
me. Attempts to eurrelote changes in the apedtb gravity of the cere- 
hrospind flmd with the degree of damage dono to the brain have not 
~.ielaea usable results. Chtutp in intrnthomcie presmre 6th its ef- 
fret upon the hrge vessels likewise cause systemic upsets r h i i  we have 
not yet beem able to measure in terms of h-tration of the blood. 

Attempt6 to establish a relationship between peripheral dreolatoF 
ehnngea and the various typea of anesthesia have not aclmnced to the 
point where they may be stated with aqthority. In this &Id we feel 
tlnt these simple tests offer tooh which may be used to p a t  advantage 
in nnesthesia. 

So attempt has been made in this d i s d o n  to m e r  shock in all of 
its many d c a t i o n s .  But we do believe that with a constant clinical 
picture of the pntient in mind, a working concept of the changes which 
take place in the physiology of the body under the stress of variom de- 
grees of irritation, pnrtiealarly the clump whieh take place in the pc- 
ripherd vascular tree, cases of ~boclt wi l l  be more aaesnotelp handled. 
With the aid of such a seriea of simple tests M we have nttempted to ont- 
line here, impending troubles may at  times be fomeen nnd prevented 
al together. 

snruanr 
(1) Clmruges in tbe peripheral vasedor tree of a segmental nature BR 

c~laen*ed by Bieker F d  Oertel nre presented aa a basii of better undcr- 
stnnding the mcchanwn of eircuktory failore in s ~ r g i ~ d  shock. 

(4) On this basis, there are threc defeeta in the peripheral vascular 
tree which need c o d o n  in shock. These are: (a) arteriolar and 
renulnr eonstrietion; (a) capillary dilatntion; (c) stasis of eimlatory 
fluich in the capillary bccl or loss into the tissue. 

(3) To correct these defects three steps are recommended: (a) aid 
in the restoration of the electrulyte balenee, acid base eqdibrium, nor- 
mnl arteriolar tone and circulatory volmw by use of intravenous sodium 
chloride, at first in isotonic form and then in hrpertonie form if there is 
no response to the former; (I) aid in the restoration of capillary tone 
by using astar soluble suprarenal cortical &met in quantities dic ien t  
to get a response in blood pfiasnre ; (c) mstennnce of einolation by nde- 
qnate amonnts of blood or piaema 
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